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The  relationship  between  the  number  of  red  blood  cell  transfusions  and 
major  infectious  complications  was  evaluated  in  594  thermal  injury  patients 
admitted  between  1982  and  1986  who  had  burns  over  10%  or  more  of  total 
body  surface  area  and  survived  more  than  10  days.  The  mean  age  of  this  group 
was  32.9  years,  with  a  mean  burn  size  of  36%  of  total  body  surface  area;  83% 
were  male.  Of  the  594  patients,  23.7%  died  and  38.7%  had  documented 
inhalation  injury.  The  mean  number  of  red  blood  cell  transfusions  received 
was  19.7,  with  a  range  of  0  to  201.  Two  hundred  fourteen  patients  (36%)  had 
major  infectious  complications,  defined  as  pneumonia  or  invasive  burn  wound 
infection. 

A  cross-tabulation  of  predicted  mortality,  number  of  transfusions,  and 
infectious  complications  revealed  a  significant  positive  correlation  between 
transfusion  number  and  infectious  complications  in  patients  with  predicted 
mortalities  between  10  and  70%.<Per  cent  total  burn,  patient  age,  presence  of 
inhalation  injury,  and  number  of  transfusions  were  identified  by  discriminant 
function  analysis  as  significant  variables  (p  <  0.05)  in  discriminating  between 
patients  with  and  without  infections  (85%  accuracy).  Logistic  regression 
analysis  confirmed  the  above  findings,  showing  a  relationship  between  the 
number  of  transfusions  received  and  infectious  morbidity  which  was 
Jndependent  of  age  or  burn  size,  but  no  significant  relationship  between 
number  of  transfusions  and  mortality. 
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A  relationship  between  blood  transfusions  and  periop¬ 
erative  infectious  complications  has  recently  been  de¬ 
scribed  (1).  The  transfusion  of  red  blood  cells  before 
organ  transplantation  has  been  used  to  induce  immuno¬ 
suppression,  thereby  decreasing  the  frequency  and  sever- 
y  of  allograft  rejection  (2-6).  The  suppression  of  im¬ 
munity  assor  ■  "ed  with  thermal  injury  contributes  to  the 
development  postburn  infectious  complications.  The 
extent  of  the  body  surface  burned,  the  patient’s  age,  and 
the  presence  of  inhalation  injury  all  contribute  to  the 
increased  incidence  of  infection  in  this  population  (7). 

have  evaluated  the  occurrence  of  major  infectious 
CO  I  uT'ii  cations  ir  a  population  of  burned  patients  to  as¬ 
sess  the  eflect  of  t  ransfusion  therapy  on  the  incidence  of 
infection  in  such  patients. 
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MATERIALS  AND  METHODS 

A  retrospective  analysis  of  the  charts  of  al!  thermally  injur 
patients  admitted  to  the  Institute  of  Surgical  Research  fro  . 
January  1982  to  December  1986  was  performed.  Inclusii  i 
criteria  for  entrance  into  this  study  were:  1)  flame  or  sea  I 
burns  involving  more  than  10%  of  the  total  body  surface  art 
and  2)  survival  for  more  than  10  days  following  injury.  Patients 
with  electrical  or  chemical  injury  were  excluded  from  analysis. 

For  each  patient,  age,  sex,  total  extent  of  burn  (%  BSA), 
extent  of  full-thickness  burn,  the  presence  of  inhalation  injurj 
major  infectious  complications,  the  number  of  red  blood  cel 
transfusions  received  during  hospitalization,  and  ultimate  out¬ 
come  were  recorded.  Inhalation  injury  was  diagnosed  by  bron- 
choscopic  examination  or  '-''Xenon  ventilation-perfusior  lung 
scan.  Major  infectious  complications  were  defined  as  pneu¬ 
monia  or  invasive  burn  wound  infection.  Diagnoses  of  pneu¬ 
monia  were  based  upon  findings  of  an  elevated  sputum  leuko¬ 
cytosis,  positive  sputum  culture,  appropriate  clinical  signs,  and 
an  infiltrate  evident  on  chest  roentgenogram.  Burn  wound 
infection  was  defined  as  the  presence  of  microorganisms  (bac¬ 
teria,  fungi,  or  viruses)  in  viable  tissue  on  histologic  examina¬ 
tion  of  a  burn  wound  biopsy. 

Cross-tabulation,  log-linear  analysis,  discriminant  function 
analysis,  and  multiple  logistic  regression  were  used  in  conjunc¬ 
tion  with  three-dimensional  graphics  to  examine  the  relation¬ 
ship  of  severity  of  injury,  number  of  transfusions,  and  the 
presence  or  absence  of  inhalation  injury  to  both  mortality  and 
infectious  morbidity  in  the  study  population. 
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RESULTS 

Charts  of  986  thermally  injured  patients  admitted  to 
the  Institute  of  Surgical  Research  between  January  1982 
and  December  1986  were  reviewed.  Patients  with  electri¬ 
cal  or  chemical  injury  were  excluded.  Five  hundred 
ninety-four  patients  met  the  entrance  criteria  of  greater 
than  a  10%  total  body  surface  area  burn  and  survival  for 
more  than  10  days  following  injury. 

The  mean  age  of  the  594  patients  was  32.9  years  (range, 
2-93).  Eighty-three  per  cent  were  male  (497)  and  17% 
female  (97).  The  mean  burn  size  was  36%,  with  a  mean 
extent  of  full-thickness  injury  of  18%.  Inhalation  injury 
was  documented  in  230  patients  (38%);  23.7%  of  the 
patients  died  (n  =  141).  The  mean  number  of  red  cell 
transfusions  received  was  19.7  units,  with  a  range  of  0- 
201.  Burn  wound  infection  or  pneumonia  was  docu¬ 
mented  in  36%  of  the  patients  (n  =  214).  These  data  are 
summarized  in  Table  I. 

Logistic  regression  analysis  was  performed  to  identify 
the  relationship  between  the  number  of  transfusions 
received  and  the  presence  or  absence  of  infection  and 
ultimate  outcome.  No  relationship  between  the  number 
of  transfusions  and  mortality  could  be  identified.  The 
total  extent  of  burn,  a  cube  function  of  age,  and  the 
presence  of  inhalation  injury  were  identified  as  signifi¬ 
cant  variables  in  discriminating  between  patients  who 
survived  and  those  who  did  not.  The  percentage  of  the 
total  body  surface  area  burned,  a  square  function  of  age, 
the  number  of  transfusions  received,  and  the  presence  of 
inhalation  injury  were  identified  as  significant  variables 
in  discriminating  between  patients  with  and  without 
infection.  This' analysis  demonstrates  a  relationship  be¬ 
tween  the  number  of  transfusions  received  and  infectious 
morbidity  which  is  independent  of  age,  extent  of  burn, 
or  the  presence  of  inhalation  injury. 

The  data  were  cross-tabulated  with  segregation  based 
upon  predicted  mortality  and  the  number  of  transfusions 
received  as  related  to  infectious  complications  and  actual 
outcome.  This  was  done  to  identify  the  patients  in  whom 
the  number  of  transfusions  had  the  greatest  effect  on 
infectious  morbidity.  Predicted  mortality,  used  as  an 
index  of  severity  of  injury,  was  based  upon  a  multiple 
logistic  analysis  of  the  relationship  of  burn  size  and  age 
to  the  occurrence  of  death  in  all  burned  patients  admitted 
to  this  Institute  between  1980  and  1986.  Since  patients 


TABLE  1 

X  ±  S.D. 

Range 

Age  (yrs) 

32.9  ±  21.3 

2-93 

TBSB  (%) 

35.9  ±  20.7 

0-97 

%  3" 

17.9  ±  20.9 

0-97 

Transfusion 

19.7  ±  27.3 

0-201 

Inhalation  injury 

38.7% 

230 

Infection 

36.0% 

214 

Sex 

83.7%  male/16.3%  female 

Outcome 

23.7%  mortality 

who  did  not  survive  for  10  days  were  excluded  from 
analysis  in  this  review,  the  predicted  and  actual  outcomes 
differed  slightly  (Table  II).  Table  III  documents  the 
increase  in  the  rate  of  infection  as  the  probability  of 
death  increased.  There  was  a  13%  incidence  of  infection 
in  patients  with  a  0  to  20%  probability  of  dying,  and  this 
increased  to  a  97%  incidence  of  infection  in  the  patients 
with  greater  than  an  80%  probability  of  dying.  The 
distribution  of  the  number  of  transfusions  received  com¬ 
pared  to  the  probability  of  death  is  depicted  in  Table  IV. 
There  was  a  progressive  increase  in  the  transfusion  re¬ 
quirements  as  probability  of  death  increased  up  to  80%. 
Patients  with  greater  than  an  80%  probability  of  dying 
received  fewer  transfusions  and  also  spent  fewer  days  in 
the  hospital,  presumably  because  of  their  higher  early 
death  rate.  As  expected,  age,  total  extent  of  burn,  and 
extent  of  full-thickness  burn  all  increased  as  the  proba¬ 
bility  of  death  increased  (Table  V). 

A  three-dimensional  plot  of  number  of  transfusions 
received,  probability  of  death,  and  actual  outcome  is 
depicted  in  Figure  1.  This  “tent”  diagram  is  useful  in 


TABLE  II 

Predicted  Mortality  (%) 

Actual 

n 

Range 

Mean 

Mortality 
( Mean) 

374 

0-20 

0.05 

0.045 

61 

21-40 

0.28 

0.21 

42 

41-60 

0.49 

0.33 

49 

61-80 

0.68 

0.69 

68 

81-100 

0.90 

0.92 

TABLE  III 


Predicted  Mortality  (%) 

Incidence  of  Infection 

0-20 

13.4% 

21-40 

45.9% 

41-60 

69.0% 

61-80 

83.2% 

81-100 

97.1% 

TABLE  IV 


Predicted  Mortnlity  Number  of  Transfusions 

(%)  (units) 


0-20 

10.9  ±  16.7 

21-40 

25.4  +  23.2 

41-60 

36.9  ±  32.5 

61-80 

47.8  ±  43.0 

>80 

32.1  ±  34.6 

TABLE  V 


Predicted 
Mortality  (%) 

Age  (yrs) 

TBSB  % 

tr  r 

0-20 

25.2  ±  15.4 

25.3  ±  10.5 

9.1  ±  10.9 

21-40 

40.2  ±  20.2 

41.9  ±  13.4 

2C.2  ±  14.9 

41-60 

41.8  ±  27.2 

45.7  ±  19.2 

24.6  ±  20.4 

61-80 

49.9  ±  23.4 

51.0  ±  19.6 

30.9  ±  20.8 

>80 

51.3  .±  22.4 

71.6  ±  18.7 

50.6  ±  27.9 

950 


The  Journal  of  Trauma 


July  h/ti9 


demonstrating  the  lack  of  relationship  between  number 
of  transfusions  received,  probability  of  death,  and  actual 
outcome.  As  expected,  patients  receiving  few  transfu¬ 
sions  and  having  a  low  probability  of  death  had  a  low 
actual  mortality  rate.  As  the  numher  of  transfusions 
increased  in  this  low  probability  grouj).  mortality  in¬ 
creased  slightly  l)ul  not  significantly.  P'igure  2  depicts  a 
three-dimensional  plot  of  number  of  transfusions  re¬ 
ceived,  probability  of  death,  and  infection  rate.  In  con¬ 
trast  to  Figure  1,  there  was  a  significant  relationship 
between  number  of  transfusions  received  and  infection 
rate  in  the  patients  with  lower  probabilities  of  death.  As 
expected,  as  the  itrobability  of  death  increased,  so  did 
the  infection  rate,  interacting  with  the  number  of  trans¬ 
fusions  received. 

DISCUSSION 

This  study  demonstrates  that  the  numher  of  red  blood 
cell  transfusions  and  severity  of  injury,  as  indexed  by  the 
likelihood  of  death  based  on  age  and  burn  size,  were 
significantly  and  independently  correlated  with  the  risk 
of  serious  infection  following  thermal  injury  in  these 
patients.  I'his  relationshit)  may  only  mean  that  more 
frequent  transfusion  identifies  the  patients  at  any  par¬ 


ticular  level  of  severity  of  injury  who  experienced  more 
severe  complications:  such  patients  would  be  expected  to 
experience  infection  more  frequently  than  those  whose 
courses  were  not  complicated.  The  data  may.  instead, 
depict  the  consequences  of  a  specific  depression  of  re¬ 
sistance  to  infection  caused  by  transfusion.  The  obser¬ 
vations  are  equally  compatible  with  either  interpretation. 

The  concept  of  blood  transfusion-induced  immuno¬ 
suppression  evolved  from  a  large  number  of  retrospective 
human  studies  in  the  early  197()‘s  which  demonstrated 
that  pretransjrlant  transfusion  decreased  the  frequency 
end  severity  of  rejection  of  transplanted  solid  organs  (2- 
b).  Subsequently,  a  randomized  study  showed  similar 
results  in  a  series  of  patients  undergoing  cadaver  renal 
transplant  (8). 

Following  recognition  of  hlood  transfusion  as  an  im- 
munosupi)ressive  therapy  in  transplant  patients,  alloge¬ 
neic  hlood  transfusions  were  found  to  enhance  tumor 
growth  in  animal  models.  'I'his  effect  was  specific  to 
allogeneic  transfusions  and  was  not  seen  with  syngeneic 
transfusions  (9.  10).  'I'he  effects  of  perioperative  trans¬ 
fusion  on  outcome  in  patients  with  carcinoma  of  the 
colon,  rectum,  lung,  and  breast  have  been  resiewed  (1). 
Nine  of  12  such  reports  have  described  increased  rates 
of  tumor  recurrence  and  decreased  long-term  survival  in 


1.  NuniluT  <»r  t rnnsfusion.'i  rtTcivrd.  [irt-dictrd  inortnlily.  ;nid  juiujil  tintromc  ftir  the  pntitMils  an*  pl«)ttt*d  in  a  t lirut’-dinu-nsitnial 
I  ran.'stusion  nunilxT  dm’s  not  appuar  tt*  alltT  ai'tiial  niortaliiy.  I*atii‘nis  I(‘\v  transinsions  with  a  low  prndii'ti'd  mortality  had  a 

low  aitual  mortality  rati*.  As  tin*  numher  ol  translusioas  mrreasrd.  lU’liial  mortality  increased  only  sli^ilitly.  For  any  ^ivi-n  t ransldsion  nnmher. 
acinal  mortality  appeart'd  not  to  he  correlated. 
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Fig.  2.  Number  of  transfusions  received,  predicted  mortality,  and  infection  rate  for  the  594  patients  are  plotted  on  a  three-dimensional  graph. 
For  any  given  predicted  mortality  up  to  approximately  70%,  the  number  of  transfusions  received  was  positively  correlated  with  the  infection 
rate. 


the  patients  to  whom  perioperative  transfusions  were 
given.  In  many  of  the  studies,  multivariate  analysis  in¬ 
dicated  that  the  effect  could  not  be  related  to  confound¬ 
ing  variables  such  as  tumor  stage,  or  the  length  and 
difficulty  of  the  operative  procedure. 

While  the  specific  immune  mechanism  which  leads  to 
improved  allograft  survival  after  transfusion  is  not 
known,  a  variety  of  mechanisms  have  been  proposed. 
Most  of  the  relevant  studies  have  been  conducted  on 
patients  with  renal  failure.  Following  transfusion  of 
packed  red  blood  cells  in  dialysis  patients,  inhibition  of 
lymphocyte  response  to  mitogens  and  antigens  has  been 
noted,  as  well  as  increased  T-lymphocyte  suppressor  cell 
activity  and  a  decrease  in  the  T-cell  helper/suppressor 
cell  ratio  (11,  12,  14,  15).  Decreased  natural  killer  cell 
activity  has  also  been  reported  following  transfusion  in 
hemophiliacs  (15).  In  a  series  of  thoracic  surgery  pa¬ 
tients,  perioperative  transfusions  have  been  associated 
with  a  depressed  lymphocyte  response  to  PHA,  pokeweed 
mitogen,  and  concanavalin  A  which  lasted  up  to  4  weeks 
(16).  Prolonged  depression  of  peripheral  T-lymphocyte 
function  has  also  been  noted  in  parents  with  Crohn’s 
disease  who  were  transfused  perioperatively  (17). 

A  relationship  between  transfusion  and  perioperative 
infection  has  been  noted  in  several  patient  populations. 
Tartter  reviewed  the  charts  of  169  patients  with  Crohn’s 


disease  who  underwent  bowel  resection  for  complications 
of  their  disease.  Postoperative  septic  complications  oc¬ 
curred  in  26  of  the  169  patients  and  were  threefold  more 
common  in  the  patients  who  were  transfused  periopera¬ 
tively  (18).  The  same  investigator  reviewed  the  charts  of 
168  patients  undergoing  elective  operation  for  colorectal 
cancer  and  again  demonstrated  a  relationship  between 
perioperative  transfusion  and  postoperative  septic  com¬ 
plications  (19).  In  both  studies,  multivariate  analysis 
demonstrated  that  blood  transfusions  were  associated 
with  an  increase  in  infectious  complications  independent 
of  other  known  predisposing  factors.  In  a  multicenter 
study,  Nichols  reported  that  the  risk  of  infection  after 
penetrating  abdominal  trauma  was  clearly  increased 
when  the  patients  required  perioperative  transfusions. 
This  relationship  could  not  be  attributed  to  other  predis¬ 
posing  factors  such  as  preadmission  shock  (20). 

In  this  retrospective  review  of  594  thermally  injured 
patients,  as  in  the  cited  studies,  blood  transfusions  were 
found  to  be  associated  with  an  increase  in  infectious 
complications  even  when  other  independent  and  known 
predisposing  factors  were  controlled.  The  relationship 
between  the  number  of  transfusions  received  and  infec¬ 
tious  morbidity  was  independent  of  age.  presence  of 
inhalation  injury,  or  burn  size.  However,  no  relationship 
could  be  found  between  the  number  of  transfusions  and 
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ultimate  outcome  in  these  patients.  Since  infection  is  the 
leading  cause  of  death  in  burned  patients,  any  factor 
increasing  the  incidence  of  infection  should  affect  mor¬ 
tality.  Figure  2  best  depicts  this  relationship  in  which 
significant  positive  correlation  between  transfusion 
number  and  infectious  complications  was  evident  in  pa¬ 
tients  with  predicted  mortalities  between  0  and  70%.  It 
should  be  noted  that  this  analysis  indicates  that  the 
number  of  blood  transfusions  correlated  over  its  entire 
range  with  the  likelihood  of  occurrence  of  major  infec¬ 
tious  complications.  Such  data  do  not,  however,  prove  a 
direct  causal  relationship. 

Support  for  the  possibility  of  a  causal  relationship  can 
be  found  in  animal  studies.  Waymack  demonstrated  in 
Lewis  rats  which  underwent  30%  total  body  surface 
burns  and  were  subsequently  infected  with  Pseudomonas 
(strain  1244),  that  allogeneic  transfusions  significantly 
decreased  overall  survival  and  mean  survival  time  com¬ 
pared  to  animals  which  received  syngeneic  transfusions 
or  saline  (21,  22). 

It  is  speculated  that  the  immunomodulating  effects  of 
blood  transfusions  are  related  to  the  HLA  antigens  on 
leukocytes  and  platelets  which  accompany  the  transfused 
red  blood  cells  (23).  The  washing  and  centrifugation 
process  for  the  preparation  of  frozen  blood  markedly 
reduces  the  HLA  antigen  content.  Patients  who  receive 
transfusions  of  frozen  blood  have  a  lower  incidence  of 
induction  of  anti-HLA  antibodies.  Pure  red-cell  prepa¬ 
rations,  however,  may  not  be  totally  free  of  immuno¬ 
modulating  effects  since  it  has  been  shown  that  phago¬ 
cytosis  of  red  blood  cells  by  macrophages  results  in  a 
decreased  reactivity  of  bystander  lymphocytes.  If  it  is 
assumed  that  leukocytes  and  platelets  are  the  mqjor 
sources  of  factors  mediating  immunosuppression  follow¬ 
ing  red  blood  cell  transfusions,  a  method  for  depleting 
the  blood  of  these  elements  could  be  beneficial.  Several 
methods  for  depleting  red  cell  transfusions  of  platelets 
and  white  blood  cells  are  currently  available,  including 
filter  systems  and  pheresis. 

The  use  of  transfusion  is  not  optional  in  burned  pa¬ 
tients,  nor  are  the  procedures  and  complications  which 
compel  more  frequent  transfusion  in  some  of  these  pa¬ 
tients  avoidable.  This  study  may  indicate  the  presence 
of  transfusion-specific  immunosuppression;  alterna¬ 
tively,  it  may  indicate  only  that  patients  who  sustain 
complications  sustain  greater  risk  of  infection;  or  it  may 
equally  well  indicate  both.  The  use  of  blood  transfusion, 
like  the  use  of  any  other  modality  of  treatment,  carries 
with  it  both  benefit  and  risk;  these  must  be  carefully 
weighed  and  balanced  whenever  any  treatment  is  used. 
The  present  study  suggests  that  it  is  at  least  possible 
that  some  additional  weight  should  be  added  to  the  risk 
side  of  this  balance. 
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DISCUSSION 

Dr.  David  M.  Heimbach  (Seattle);  It  is  a  privilege  to  discuss 
this  well  done  paper.  The  people  at  San  Antonio  have  once 
again  taken  advantage  of  their  very  large  experience  with 
burned  patients,  this  time  from  the  years  1982  through  1986. 


Transfusion  and  Infection  in  Burned  Patients 


953 


Vol.  29,  No.  7 

They  studied  all  patients  with  burns  greater  than  10%  and  they 
found  a  remarkable  thing  that  I  think  we  should  all  keep  in 
mind,  that  these  patients  needed  on  the  average  almost  20  units 
of  blood  throughout  their  hospital  stay.  Why  do  burned  patients 
need  so  much  blood?  There  is  a  lot  known  about  blood  dynamics 
in  burned  patients.  For  example,  we  know  that  the  half-life  of 
red  blood  cells  in  burned  patients  is  decreased  by  about  half, 
related  to  a  circulating  factor,  since  when  the  cells  are  removed 
from  the  burned  patients  and  transfused  into  normal  individ¬ 
uals,  the  half-life  comes  back  to  normal.  By  the  same  token,  if 
you  take  normal  blood  cells  and  put  them  into  a  burned  patient, 
their  half-life  goes  down  to  approximately  50%. 

We  also  know  that  burned  patients  who  are  criticaliy  ill  for 
a  long  period  of  time  receive  a  lot  of  blood  tests.  In  our  burn 
unit  as  much  as  300  to  400  cc  per  week  is  removed  through 
clinical  and  research  activities.  We  also  know  that  a  normal 
individual  takes  probably  10  to  14  days  at  least  to  resume  that 
amount  of  blood  by  erythropoeisis,  so  progressive  anemia  is 
inevitable. 

Finally,  the  burned  patient  has  a  large  open  wound.  In  many 
places  these  wounds  are  excised  and  grafted,  and  we  know  that 
a  mtyor  excision  on  a  grafting  procedure  may  use  up  as  much 
as  a  whole  blood  volume.  In  addition  daily  wound  debridement 
causes  a  substantial  amount  of  blood  loss  in  small  quantities 
every  day. 

As  an  example  of  progressive  anemia  we  had  a  35-year-old 
patient  unfortunate  enough  to  be  a  Jehovah’s  Witness  who 
suffered  a  40%  scald  burn  which  was  all  partial  thickness.  He, 
during  the  course  of  his  21 -day  life  in  the  hospital,  did  not 
undergo  massive  blood  loss.  He  underwent  the  micro  laboratory 
techniques  we  use  for  our  pediatric  patients.  He  had  no  oozing 
from  his  wounds,  but  by  the  24th  postburn  day,  his  hematocrit 
was  5%,  at  which  point  he  went  into  florid  forward  cardiac 
failure  and  he  died. 

It  is  clear  that  blood  transfusions  are  filled  with  many 
hazards,  besides  the  transmission  of  disease.  Doctor  Graves  has 
reviewed  much  of  the  data  regarding  transfusion  and  the  im¬ 
mune  system  but  just  again  to  say  that  in  chronic  renal  failure 
we  know  that  T  cell  suppressor/helper  ratios  are  altered,  that 
the  lymphocyte  response  to  mitogens  is  seriously  impaired  and 
that  chemotaxis  and  chemiluminescence  are  decreased.  It  is  of 
interest  that  these  very  same  ceilular  defects  take  place  in 
burned  patients  whether  or  not  they  have  had  any  blood  trans¬ 
fusions. 

We  also  know  that  these  blood  transfusions  have  been  as¬ 
sociated  with  infectious  complications  in  Crohn’s  disease,  and 
following  cancer  operations  both  in  terms  of  tumor  recurrence 
and  infections.  Infectious  complications  increase  with  pene¬ 
trating  trauma  to  the  abdomen  when  transfusions  are  needed 
and  in  rats  with  blood  transfusions  and  burns  infected  with 
Pseudomonas.  But  over  and  above  the  association  with  trans¬ 
fusion,  interestingly,  the  burned  patient  already  has  a  substan¬ 
tial  immunosuppression  probably  related  to  circulating  fea¬ 
tures.  We  know  that  he  has  decreased  killer  cells  and  decreased 
response  of  white  cells  in  virtually  e.  ery  one  of  their  immune 
functions,  which  seems  to  occur  with  or  without  transfusions. 

Furthermore,  Doctor  Glenn  Warden  in  some  studie.s  a  few 
years  ago  demonstrated  that  excising  and  grafting  large  wounds 
essentially  requiring  an  exchange  tranfusion  did  not  impair  the 
immune  response  but  actually  improved  the  cellular  response 
to  stimuli  as  well  a.s  normalizing  the  ratio  of  helper  cells  to 
suppressor  cells.  So  it  may  be  that  the  features  of  the  burn 
itself  and  the  things  that  are  circulating  in  the  burn  tissue  may 
be  even  more  important  than  the  role  of  the  transfusion  in 
such  a  patient. 

I  would  then  ask  the  authors  just  two  questions.  I  have  no 
real  quibble  with  their  data. 

Have  you  actually  done  or  are  you  planning  to  do  any 


immune  function  measurements  in  the  patients  as  you  give 
them  transfusions?  I  think  this  would  be  a  golden  opportunity 
and,  since  you  are  well  set  up  to  do  that,  I  would  wonder  if  you 
have,  and  second,  do  you  have  enough  courage  of  your  convic¬ 
tions  at  this  point  that  you  are,  in  fact,  using  washed  cells 
rather  than  regular  blood  transfusions? 

Thank  you.  [Applause] 

Dr.  David  Livingston  (Newark,  New  Jersey):  While  I  was 
at  the  University  of  Louisville,  they  were  looking  into  this 
question  with  regard  to  cytomegalovirus  infection  in  predomi¬ 
nantly  nonthermally  injured  patients.  It  appears  from  the  data 
that  it  didn’t  really  matter  whether  you  received  many  trans¬ 
fusions  or  a  few  transfusions  but  if  you  got  cytomegalovirus 
infection  you  had  a  longer  hospital  course  with  a  higher  infec¬ 
tious  morbidity.  CMV  in  and  of  itself  is  immunosuppressive 
and  the  question  I  pose  to  the  authors  is:  have  they  looked  at 
any  transmittal  virus  such  as  CMV,  Epstein-Barr,  etc.,  as  they 
impact  on  infectious  morbidity  in  their  patients? 

Dr.  Robert  F.  Wilson  (Detroit,  Michigan):  We  have  had 
some  interest  in  the  effect  of  massive  transfusions  on  infection 
rates.  We  have  been  impressed  that  it  is  how  many  units  of 
blood  the  patients  are  given  in  any  one  24-hour  period  that  is 
important.  The  total  amount  they  receive  throughout  their 
hospitalization  is  less  significant.  I  wonder  if  the  authors  have 
any  data  which  would  allow  them  to  correlate  the  infection 
rates  with  the  number  of  blood  transfusions  that  their  patients 
received  during  the  first  24  hours. 

We  have  also  noted  that  individuals  who  have  enough  trans¬ 
fusions  and/or  shock  to  develop  abnormalities  of  their  PT  or 
PTT  seem  to  have  a  particularly  increased  risk  of  infection. 
These  patients  frequently  also  have  significantly  reduced 
plasma  levels  of  antithrombin,  fibronectin,  and  prekallikrein, 
which  seem  to  have  a  very  significant  effect  on  the  infection 
rate.  1  wonder  if  they  have  any  data  on  coagulation  studies  in 
their  patients  and  if  there  were  any  relationship  between  the 
infection  rate  and  the  extent  of  these  coagulation  changes. 

Thank  you. 

Dr.  Charles  Rice  (Seattle,  Washington):  I  would  like  to 
congratulate  the  authors  on  an  excellent  paper  and  presenta¬ 
tion. 

A  couple  of  questions.  One  is,  what  was  the  indication  for 
red  cells?  In  other  words,  was  there  some  absolute  level  of 
hematocrit  that  was  always  sought? 

Second,  do  you  have  any  data  on  the  use  of  other  blood 
products  such  as  fresh  frozen  plasma  or  platelets  and  were 
those  independently  looked  at? 

Dr.  Erwin  Hirsch  (Boston):  About  a  year  ago  we  looked  at 
the  age  of  the  blood  transfused  to  cardiothoracic  patients  at 
the  West  Roxbury  Veterans  Administration  Hospital  and  mul¬ 
tiply  transfused  trauma  patients  at  the  Boston  City  Hospital. 
The  mean  age  of  the  blood  was  41  days;  such  units  usually  have 
around  22-23%  of  nonviable  cells. 

Do  the  authors  know  how  old  was  the  blood  transfused  in 
San  Antonio?  Perhaps  the  nonviable  cells  transfused  may  be 
responsible  for  the  complication  described. 

Dr.  Mark  Malangoni  (Louisville,  Kentucky):  I  would  like 
to  congratulate  you  on  an  excellent  presentation  and  I  wish  to 
comment  on  some  things  that  I  think  are  important. 

In  the  penetrating  abdominal  trauma  studies  that  looked  at 
transfusion  as  a  marker  of  infection,  you  must  remember  that 
transfusion  tended  to  be  significant  only  after  shock  dropped 
out  as  a  variable.  Transfusion  is  thought  by  many  people  to  be 
a  more  sensitive  indicator  of  the  degree  of  shock  in  the  patient 
with  penetrating  abdominal  trauma.  It  may  be  that  your  pa¬ 
tients  probably  got  most  of  their  blood  replacements  surround¬ 
ing  the  time  of  excision  and  grafting  or  some  other  acute  event, 
so  that  your  postulate  that  transfusion  is  a  positive  indicator 
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of  the  risk  of  infection  rather  than  an  absolute  cause  for  the 
infection  may  turn  out  to  be  very  important. 

Based  on  that  hypothesis,  I  would  ask  you  if  you  have 
quantiHed  any  minor  incompatibility  reactions  or  mqjor  incom¬ 
patibility  reactions  in  your  patients  and  tried  to  correlate  those 
with  their  degree  of  infection? 

Dr.  George  Watkins  (Easton,  Pennsylvania):  It  is  impor¬ 
tant  to  point  out  and  hope  the  authors  point  out  that  this  study 
is  not  an  indictment  of  transfusion  per  se.  Or  e  of  the  tendencies 
of  present  day  blood  bankers  would  be  that  this  paper  is  more 
evidence  one  “should  not  transfuse  someone.” 

Those  patients  who  died  were,  of  course,  terminated  as  far 
as  the  study.  Those  who  survived  were  transfused  more,  had 
more  infections,  and  were  surviving  longer.  I  do  not  know  that 
this  study  would  be  an  indictment  of  transfusion  in  spite  of  the 
increase  in  complications.  The  mortality  in  this  series  was  at 
least  the  predicted  probability  or  less.  I  suspect  that  the  mor¬ 
tality  is  dropping  constantly  over  time  in  the  authors’  center 
as  it  is  in  most. 

Therefore,  transfusion  itself  may  in  part  produce  a  model 
that  is  more  likely  to  be  infected  repetitively  because  the  model 
is  surviving  but  at  risk  for  infection  over  a  longer  time.  This 
view  is  diametrically  opposite  to  one  that  the  transfusion  itself 
causes  some  sort  of  specific  problem  leading  to  more  infections. 

Dr.  Theresa  Graves  (Closing);  Thank  you.  Doctor  Heim- 
bach,  and  fellow  members  for  your  comments  and  questions 
concerning  this  work. 

To  address  Doctor  Heimbach's  discussion,  immune  function 
evaluations  were  not  routinely  performed  during  the  course  of 
this  study  period  and  were  not  included  in  this  retrospective 
review.  The  efficacy  of  washed  cells  as  a  means  of  avoiding  the 
immunosuppressive  properties  of  transfusions  has  been  raised. 
As  a  preliminary  study  this  work  has  again  suggested  a  rela¬ 
tionship  between  immunosuppression  and  transfusions  and  as 
such  supports  the  need  for  a  prospective,  randomized  evaluation 
comparing  washed  or  pheresed  cells  with  standard  red  blood 
cell  transfusions.  Additionally,  an  evaluation  of  immune  func¬ 
tion  would  be  concurrently  analyzed. 

Doctor  Livingston  has  questioned  the  relationship  between 
immunosuppression  and  cytomegalo-  and  Epstein-Barr  virus 
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infections.  Blood  transfusion  transmission  of  viral  infections 
was  not  evaluated  in  this  group  of  patients.  Presently,  we 
routinely  evaluate  patients  for  HIV  status. 

Thu  question  of  how  many  units  of  blood  are  administered 
over  what  period  of  time  is  raised  by  Doctor  Wilson.  Most  of 
the  blood  transfusions  administered  at  the  Burn  Unit  are 
associated  with  excision  and  grafting  procedures,  episodes  of 
hypotensive  shock,  or  more  chronically  with  the  red  cell  loss 
from  daily  sampling.  For  the  former,  blood  transfusions  range 
from  6  to  12  units  of  blood  over  minutes  to  several  hours.  This 
study  did  not  delineate  individual  episodes  of  transfusion,  nor 
specify  the  chronologic  relationship  between  transfusion  and 
infectious  complications.  This  would  be  necessary  to  support  a 
causal  relationship. 

Collectively,  there  are  several  salient  questions  raised  at  this 
discussion  that  are  pertinent  but  were  not  within  the  scope  of 
this  retrospective  study,  including  the  relationship  of  coagula¬ 
tion  status  (PT  and  PTT),  transfusions,  and  infections,  or  the 
age  of  the  blood  products  being  transfused.  Even  more  critical 
is  the  fresh  frozen  plasma  and  non-red-cell  blood  product 
transfusions  which  may  affect  immunomodulation,  as  Doctor 
Rice  has  implied. 

Our  review  suggests  that  blood  transfusions  may  alter  a 
patient’s  incidence  of  infection,  independent  of  the  size  of  the 
burn  wound,  a  known  immunodepressor.  Whether  the  trans¬ 
fusions  alter  burned  patients’  existing  immunodepressed  state 
is  unknown.  This  review  is  incapable  of  indicating  an  absolute 
level  of  hematocrit,  referring  to  Doctors  Malangoni,  Rice,  and 
Watkins’  questions  and  comments.  Nor  is  it  proposed  as  an 
indictment  of  blood  transfusions.  The  success^l  treatment  of 
burned  patients  is  in  part  made  possible  by  our  ability  to  offer 
blood  transfusions. 

We  have  seen  a  changing  attitude  at  the  Burn  Unit  toward 
adequate  baseline  hematocrits,  based  on  a  patient’s  physiologic 
status,  pre-existing  medical  conditions,  and  age,  hematocrits  in 
the  upper  20’s  may  be  considered  adequate.  We  remind  sur¬ 
geons  to  be  aware  of  the  benefits  and  potential  immunomodu- 
lating  consequences  of  transfusions. 

I  would  like  to  thank  the  Association,  members  and  guests 
for  the  privilege  of  presenting  this  paper. 
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